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Abstract 
The effects of dietary supplementation of commercial human probiotic, Lactobacil and 
antibiotic, oxytetracycline on the growth, survival, disease resistance and content of 
intestinal microflora in two ornamental fishes, viz., goldfish, Carassius auratus and 
swordtail, Xiphophorus helleri were studied. The total wet weight gain, food conversion 
ratio and specific growth rate of C. auratus did not vary significantly (p>0.05) among 
treatments. While in X. helleri, significant differences existed in the total wet weight 
gain, survival, food conversion ratio and specific growth rate among treatment groups 
(p<0.05). The counts of antibiotic resistant bacteria in fish gut increased with days of 
culture in all the treatments and the increase was more in antibiotic fed fishes. A 
reduction in the development of antibiotic resistance among the bacterial flora of fish 
gut was noticed in probiotic fed groups of C auratus and X. helleri. The results of the 
present study revealed that the effects of human probiotic on the growth, survival and 
disease resistance of ornamental fishes are variable and difficult to reproduce the similar 
effect on different species. 
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Introduction 
Probiotic is defined as "microbial cells that are administered in such a way as to enter 
the gastrointestinal tract and to be kept alive, with the aim of improving health" 
(Gatesoupe 1999). The use of probiotics in different sectors of aquaculture is well 
studied with varying reports of their effects on growth, survival and disease resistance of 
different commercially important aquatic organisms (Rengpipat et al. 2000, Robertson 
et al. 2000, Nikoskelainen et al. 2001, Irianto and Austin 2002). The production and 
culture of ornamental or aquarium fish (aquariculture) are very lucrative venture and 
have the potential to contribute fairly to the national economy. A perusal of literature 
revealed that the application of probiotics in aquariculture is scanty. The present study 
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was carried out to study the effects of probiotic and antibiotic on growth, survival and 
disease resistance of two ornamental fishes, viz., goldfish, Carassius auratus and 
swordtail, Xiphophorus helleri, 
Materials and methods 
The goldfish, Carassius auratus (Lin.) (0.997-1.18g and 34-37 mm) and the swordtail, 
Xiphophorus helleri (Heckel) (0.609-0.619 g and 35-36 mm) were procured from 
commercial ornamental fish breeders in and around Kolkata, West Bengal as and when 
required. 
The commercial probiotic `Lactobacil' (Infar Ltd., Gujarat), which consisted 10 
million Lactobacillus acidophilus cells/capsule and antibiotic `Oxytetracycline' (OTC) 
capsule I.P. (Pfizer Ltd., Navi Mumbai) were procured locally. A commercial fish feed 
containing crude protein (Min 41%), crude fat (Min 6%), crude fiber (Min 3%) and 
moisture (Max 11 %) was used for feeding the experimental fishes. The basic ingredients 
as per the manufacturer of the feed include: fishmeal, fish lipid oil, fish solubles, squid 
liver powder, wheat flour and soya meal, lecithin, vitamin-C and vitamin and mineral 
premixes. The binder used was of the brand Trubind (Wockhardt, Mumbai, India). 
Each 10 g binder contained 100 mg protein, 25 mg cholesterol, 10 mg calcium, 20,ug 
vitamin D3 and 50,ug carotenoid as per the manufacturer of the binder. 
The entire content of Lactobacil capsule was thoroughly mixed with basal dry feed 
at the rate of one capsule/10 g of feed to get a level of 10 6 cells /g feed. The OTC was 
incorporated into the dry basal feed at the rate 1 g/kg feed. The binder was used at a rate 
10 m1/100 g feed to admix the probiotic and/or antibiotic with feed. In control feed, 
binder alone was added as in test feeds. After admixing the ingredients using binder, the 
feeds were air dried for 1 — 2 days and placed in airtight plastic containers separately at 
room temperature (26-32 °C). 
Fifteen gold fish, C. auratus were introduced into each of twelve glass aquaria of 50-
liter capacity, which contained 35-liter filtered water. Likewise, twenty-swordtail, X. 
helleri were introduced into each of twelve glass aquaria containing 35-liter filtered 
water. During the study period of 30 days with continuous aeration, fishes of the tanks - 
TLI, TL2, TL3 and TL4: separately for C. auratus and X. helleri - were fed with probiotic 
feed. The fishes of TA1, TA2, TA3 and TA4 were fed with antibiotic feed and the fishes 
of control tanks - TC1, TC2, TC3 and TC4 - were fed with control feed. In all the cases, 
feeding was done daily at the rate 5% of the body weight for C. auratus and 3% of the 
body weight for X. helleri, in 2 split doses. The wastes and faecal matter were siphoned 
out and 50% of the water was exchanged on every 3r d day. The fishes were observed for 
mortality daily and the dead ones were removed immediately and weighed. The length 
and weight of the fish of all categories were noted at regular intervals. From these data, 
the survival percentage, wet weight gain, feed conversion ratio (FCR) and specific 
growth rate (SGR) were estimated. 
The bacterial flora associated with the gut of fishes were enumerated as described in 
Blanch et al. (1997). Spread plate technique was followed for the enumeration of total 
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plate counts on Cryptic soy agar (TSA) plates, presumptive pseudomonads on 
Pseudomonas isolation agar, motile aeromonads on starch ampicillin agar (Phenol red 
agar base + 10% starch + ampicillin 10 µg/ml medium) and antibiotic resistant 
bacterial counts (ARBC) on TSA supplemented with OTC at a concentration of 20 
tg/ml medium. All plates were incubated at 30 ± 2 ° C for 48 h and the colonies counted. 
A pathogenic strain Aeromonas hydrophila D14, isolated from diseased goldfish 
(Abraham et al.. 2004) was used to test the disease resistance of the experimental fishes 
by immersion assay (Austin et al. 1995). From each of probiotic fed, antibiotic fed and 
control diet fed groups, 10 fish were introduced into each of 2 tanks, i.e., Ti and T2; T3 
and T4; T5 and T6, respectively. All the tanks contained 30L filtered water and the cell 
suspension of Aeromonas hydrophila D14 was added into Ti, T3 and T5 tanks in such a 
way to get a level of —3.00 x 10 6 cells /ml of rearing water. The tanks T2, T4 and T6 
served as control respectively for probiotic fed, antibiotic fed and control diet fed 
groups. The C. auratus and X. helleri were maintained, in duplicate, in their respective 
tanks for 20 days and fed daily with basal feed on demand. Mortality, external signs of 
infections and behavioural abnormalities were recorded daily. ANOVA was followed to 
test the significance of differences among the bacteriological and growth parameters. x2-
test was followed to determine the significance of difference in the survival and disease 
resistance of the treatment and control groups (Snedecor and Cochran 1974). 
Results and discussion 
The results of the effect of dietary supplementation of commercial probiotic, 
Lactobacil and antibiotic, OTC on the growth and survival of C. auratus and X. helleri 
are presented in Table 1. The total wet weight gain, food conversion ratio and specific 
growth rate of C. auratus did not vary significantly (p>0.05) among treatments. Survival 
of both Lactobacil fed and antibiotic fed groups was higher than that of control group. 
There existed significant differences (p<0.01) between Lactobacil fed and control 
groups and also between OTC fed and control groups. In X. helleri, the total wet weight 
gain was significantly more (p<0.01) in probiotic fed, when compared to antibiotic fed 
and control groups. There existed a significant difference in survival between the 
probiotic fed and control groups of X. helleri (p<0.05). Significant differences in FCR 
(p<0.01) and SGR (p<0.05) also existed among the groups. The difference in SGR 
between probiotic and control groups was, however, insignificant (p>0.05). 
The observations made on the growth performance of C. auratus, as shown in Table 
1, support the observations of Nikoskelainen et al. (2001), who observed no difference in 
the growth rate between Lactobacillus rhamnosus (a human probiotic at 10 9 cells/g feed) 
fed and control diet fed rainbow trout, Oncorhynchus mykiss in 30 days of the 
experimental period. The results noted on X. helleri, however, contradict with the 
observations of Nikoskelainen et al. (2001) and of C. auratus of this study, thus revealing 
species to species variation in the probiotic effect and on the growth performance. 
Nevertheless, the survival of probiotic fed C. auratus and X. helleri of the present study 
was significantly higher compared to control group, probably indicating the beneficial 
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effect of probiotic due to the supply of unknown growth factors. Earlier studies 
recommended the use of probiotic feed at an earlier age of fish for optimal improvement 
of growth and indigenous gut microflora (Ringo and Vadstein 1998, Rengpipat et al 
2000) so also the present study. Antibiotics, at lower doses, were reportedly improved 
the growth of shrimp, Penaeus aztecus (Corliss et al. 1977); catla, Catla catla and rohu, 
Labeo rohita fries and mahseer, Tor for fingerlings (Kumar 1994) and rainbow trout, 
Oncorhynchus mykiss (Thompson et al. 1995). The results of the present study on X. helleri 
conform to the above observations. On the other hand, the study with C. auratus yielded 
results (Table 1) contradictory to Corliss et al. (1977) and Kumar (1994). 
Table 1. Dietary supplementation of probiotic and antibiotic on the growth performance 
of Carassius auratus and Xiphophorus helleri 
Experimental fish and Lactobacil Oxytetracycline Control 
growth parameters (106cells/g feed) (1.0 g/kg feed) 
Carassius auratus 
Total wet weight gain (g) 24.72 ±3.88 24.14±1.40 23.69±0.78 
Mean survival (%) 95.56±3.14' 95.56±3.142 73.34±6.66 1,2 
Food conversion ratio 1.50±0.28 1.50±0.79 1.45±0.10 
Specific growth rate 3.05±0.31 3.04±0.43 3.01±0.18 
Xiphophorus helleri 
Total wet weight gain (g)x 6.925±0.055a b 6.3686±0.1701ac 5.1875±0.4025' 
Mean survival (%) 100d 96.67±2.36 91.67±2.36 4 
Food conversion ratio'' 2.220±0.101ef 2.165±0.139e5 2.357±0.159fg 
Specific growth rate' 0.969±0.461 h 1.461 ±0.637hi 1.018±0.369 i 
1,2; a-i: Values sharing common superscripts within rows are significantly different (P<0.05). x: F=42.986; 
CD=0.4589, df=2,4; y: F=33.79; CD =0.0578, df=2,4; z; F=11.86; CD=0.2674, df=2,4. 
The bacterial counts in the gut of Lactobacil fed and OTC fed C. auratus and X. 
helleri is presented in Table 2. The total plate counts (TPC) in all the treatment groups 
of C. auratus were always above log 8.00/g and did not vary significantly (p>0.05). The 
results are in conformity with Ringo et al. (1995) who reported as many as 10 8 cells/g in 
digestive tract of fish. Both motile aeromonads and presumptive pseudomonads 
decreased in all the treatment groups, but the variations among the treatments were 
insignificant (p>0.05). This probably revealed the inability of the probiotic bacterium, 
fed at 10 6 /g feed, to colonize the fish gut, which contained on average log 8.0 cells / g 
gut and to effect antagonistic action on gut microflora. The microflora of the X. helleri 
gut also behaved in a similar manner. 
Although statistically insignificant (p>0.05) probably due to less number of 
observations for ANOVA, the proportion of ARB increased markedly in OTC fed group 
compared to other groups. The counts of ARB also increased with DOC. The quantum 
of increase in the proportion of ARB from the initial level was more than 3.2 folds in 
probiotic fed, 5.4 folds in control and 15.4 folds in OTC fed groups of C. auratus. While 
in X. helleri, it was more than 1.7 folds in probiotic fed, 3.6 folds in control and 9.1 folds 
60 
Fig. 1 Antibiotic resistant bacteria in Carassius auratus gut 
1 
	
15 
	
30 
Days of Culture 
	
Probiotic 	 I= Antibiotic (OTC) mom Control 
	
-0-- Probiotic 	 -8- Antibiotic (OTC) -6- Control 
Effects of probiotic & antibiotic on growth of intestinal microflora in ornamental fishes 
in OTC fed groups (Figs.1 and 2) thereby revealing the benefit of using probiotics in 
aquaculture. Smith (1971) opined that in natural ecosystem, introduction of ARB 
population in aquatic animals is very little or no consequence, since it may occur at a 
low frequency in the total bacterial population even in the absence of antibiotic 
pressure. On the other hand, the use of antibiotics in aquaculture was associated with 
increased incidence of ARB (McPhearson et al. 1991). The aquaculture management 
practices such as high stocking density, chemical treatment, grain based artificial diet 
and accumulation of organics were also reported to influence the ARB (McPhearson et 
al. 1991). The results of the present study further support the observations that the use 
of antibiotics increases the incidence of ARB in aquaculture. 
Table 2. Log counts of bacteria in the gut of Carassius auratus and Xiphophorus helleri 
fed with probiotic, Lactobacil and antibiotic, oxytetracycline 
Gut bacteria 
Lactobacil 
(10 6cells/g feed) 
Oxytetracycline 
(1.0 g/kg feed) Control 
Days of culture Days of culture Days of culture 
0 15 30 0 15 30 0 15 30 
Carassius auratus 
Total plate count/g 8.61 8.07 8.89 8.61 7.72 8.31 8.61 . 8.57 8.71 
Motile aeromonads/g 8.13 7.36 7.01 8.13 6.86 7.11 8.13 7.75 7.62 
Presumptive 
pseudomonads/g 6.79 3.73 4.64 6.79 4.72 5.78 6.79 6.00 5.16 
Xiphophorus helleri 
Total plate count/g 7.73 8.74 8.70 7.73 8.51 8.81 7.73 8.64 9.30 
Motile aeromonads/g 6.55 7.47 7.63 6.55 7.80 7.81 6.55 7.46 8.09 
Presumptive 
pseudomonads/g 5.88 4.00 3.67 5.88 4.00 2.72 5.88 4.00 3.57 
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In the present experiment neither the Lactobacil nor the OTC fed C. auratus and X. 
helleri showed any significant protection against pathogen, Aeromonas hydrophila D14, 
when challenged. Among the experimentally infected stocks, Lactobacil fed and OTC 
fed fishes had low incidence of tail rot/fin rot than the control (Table 3). The differences 
in infectivity rate were insignificant (p>0.05). Likewise, Robertson et al. (2000) 
observed less evidence of minor health problems such as fin and tail rot in probiotic fed 
group. The results of the present study revealed that the probiotic effects on growth, 
survival and disease resistance of fish are variable and difficult to reproduce the similar 
effect on different species. 
Table 3. Dietary supplementation of probiotic and antibiotic on the disease resistance of 
Carassius auratus and Xiphophorus helleri against Aeromonas hydrophila infection 
Survival (%) Infectivity (%)* 
Treatment Infected Uninfected Infected Uninfected 
stock stock stock stock 
Carassius auratus 
Lactobacil fed 100.0±0.0 100.0±0.0 5.0±5.0 0.0±0.0 
Oxytetracycline fed 100.0±0.0 100.0±0.0 5.0±5.0 0.0±0.0 
Control 100.0±0.0 100.0±0.0 25.0±5.0 10.0±0.0 
Xiphophorus helleri 
Lactobacil fed 90.0±0.0 100.0±0.0 20.0±0.0 0.0±0.0 
Oxytetracycline fed 95.0±5.0 100.0±0.0 15.0±5.0 0.0±0.0 
Control 90.0±0.0 95.0±5.0 35.0±5.0 10.0 ±0.0 
* Percentage of fish exhibited tail / fin rot 
hydrophila D14 @ 3.00x10 6 
in 20 days of experimental period infected with Aeromonas 
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